Heterotopic ossification (HO) is a frequent complication of hip surgery. In this study the incidence of HO is analyzed in high risk patients who received radiation therapy (RT) after total hip replacement (THA) with regular and miniposterolateral hip approach. Two hundred and thirty five high risk patients received a single dose of 700 rad after THA. The incidence of HO was 15.7%. The incidence of HO in the high risk subgroup with the miniincision was lower (5.7%) but not significantly different ( = 0.230). Hypertrophic osteoarthritis was demonstrated to be the consistent predisposing factor for HO formation ( = 0.005).
Introduction
Heterotopic ossification (HO) is bone formation in the soft tissues which develops after hip replacement surgery without a well-defined precipitating event ( Figure 1 ). HO represents one of the most frequent complications following THA with reported rates of HO after total hip arthroplasty (THA) ranging from 5% to 90% depending on the risk factors [1] . HO is approximately twice as prevalent in men as in women [2] . Patients with a history of HO after previous hip surgery are at increased risk for recurrent HO formation [3] . Men with hypertrophic osteoarthritis have markedly higher levels of HO after THA [4] . Hips with markedly diminished motion and hypertrophic ossification before surgery were statistically more likely to have HO [2, 4] . Surgical approach and trauma may be a risk factor for the development of HO after THA. In several studies anterior and lateral approaches increase the possibility of HO [5, 6] . The posterior approach for THA is associated with the lowest incidence of HO formation [5, 6] . HO has been found more after an epidural anesthesia than after general anesthesia [7] . Extraction of the femoral head in a fragmented state from the acetabulum has been linked with the occurrence of HO [8] . Patients who engaged in more physical activity before surgery developed HO more frequently than patients with minimal physical activity [7] . Bone formation has been found in patients with postoperative dislocations in the first week [9] . Also postoperative fever for more than five days, superficial wound infection, and postoperative hematoma have also been associated with HO [7, 8] .
There has been no reported association between type of femoral fixation and HO [10, 11] . Severe ossification was more common in men than in women and in patients operated by relatively inexperienced surgeons [12] . Prophylactic measures include diphosphonates, indomethacin, and radiation therapy with most research studies supporting the radiation therapy as the most effective prophylaxis [13, 14] .
The purpose of this study was to evaluate the incidence of HO in high risk patients with THR who received RT, to identify potential risk factors, and to compare the incidence of HO between patients with miniposterolateral approach (MIS) and a conventional posterolateral approach. The hypothesis in the surgical approach part of the study was that since MIS produced less soft tissue trauma, the occurrence of HO should be decreased. 
Materials: Methods
In our hospital from January 1999 to March 2003 there were 12.325 THA. During this same period radiation therapy following THA was performed in 255 consecutive patients who were considered to be at risk for the development for HO. The high risk categories have been reported and include clinically severe hypertrophic osteoarthritis, ankylosing spondylitis, HO after previous surgery, and previous acetabulum fracture [15, 16] . Of these total patients 235 had complete radiographic follow-up.
There were 190 men and 45 women. Patient age at the time of operation was 63.7 (30-93) SD 14.7. Of the hips 185 had primary osteoarthritis, 7 rheumatoid arthritis, 8 ankylosing arthritis, 14 previous acetabulum fractures, 8 congenital dislocation, 2 previously slipped capital femoral epiphysis, and 4 avascular necrosis. There were 7 revision THR for aseptic loosening in the group. Thirty-five patients had THA with miniposterior incision with a skin incision of 5-8 cm. All patients were assessed for response to therapy with a mean follow-up 28.2 months (12-96) SD 18.2. Heterotopic bone formation was classified to one of four grades as described by Brooker et al. [17] The posterolateral approach was used in all surgeries. All patients received a single 700 cGy fraction of RT to the affected hip within 24 to 72 hours following surgery. The RT treatments were delivered via equally weighted, parallelly opposed AP/PA portals with the RT dose prescribed to mid plane. The X-ray beam energies used ranged from 4 to 15 Mv, depending upon the AP diameter of the hip. The field sizes were usually 4 to 6 cm in width and 8 to 12 cm in length and included the hip abductor soft tissues.
The response to therapy was assessed by comparison of routine AP X-ray performed preoperatively, immediately postoperatively, and postoperatively during the last office visit. Possible risk factors like preoperative motion, diagnosis, date of radiation therapy, smoking, and severe osteoarthritis (large osteophytes) were recorded.
Statistical Analyses
All categorical are described with their absolute and relatives values, and all continuous variables are defined with their mean and median values, standard deviation, and range.
Comparisons of frequencies will be tested using chi-square analysis. The calculations will be performed by using SPSS 12 for Windows.
Results
There were no revisions of any hips treated with radiation therapy. Of the 235 patients who received radiation therapy after THA, 15.7% developed heterotopic ossification (Table 1) . In those developing HO after RT there were 27 male and 10 female patients. Twenty-two (59.5%) had Grade I, seven (18.9%) Grade II, and eight (21.6%) Grade III. A significant association was found between the rate of HO and primary OA in that 68.7% of the patients with HO had primary osteoarthritis (chi-square = 16.231 a ; = 0.023). A significant association was noted between hypertrophic osteoarthritis; 26 (70.2%) of the patients with HO had hypertrophic osteoarthritis (chi square = 7.795 b , = 0.005). There was no statistical difference in the overall incidence of HO with transfusion rate (chi square = 2. In patients older than 65 years the total rate of HO was 56.2% compared to 43.5% in patients younger than 65 years old, and the older patients had a higher rate of Grade III HO but this was not statistically significant.
Of the 35 patients who had THR with MIS and received RT only two (5.7%) developed HO Grade I. No significant associations was determined between mini-incision and HO (chi-square = 1.444 b ; = 0.230).
Discussion
Heterotopic ossification is a serious complication after THA particularly when the amount of bone interferes with hip motion or produces pain. This has been reported in 3% to 10% of patients with HO after THA [18] . HO formation may become irritative as maturation occurs and warrant surgical excision if the symptoms cannot be controlled with NSAIDs and physical therapy modalities. Instability is a potential complication of HO after THA if the periarticular mass of bone contributes to impingement with limitation of hip excursion of the femur and initiation of dislocation. Maximal stimulus for the formation of HO has been reported to occur within 32 hours after surgery [15] and therefore optimal prophylactic regimens are instituted preoperatively or within the first 24 to 48 hours postoperatively. These measures can still be somewhat effective within four days after surgery [19] . Surgical removal of heterotopic ossification without prophylactic measures to prevent its recurrence is of little value since there is a high incidence of recurrence after excision [20] . Prophylactic measures have included systematic administration of diphosphonates, radiation therapy, Advances in Orthopedic Surgery 3 and indomethacin; however, current research supports the effectiveness of radiation therapy [13, 14] . The present study was undertaken to report the incidence of HO formation in patients who received RT after THA and in patients who received RT and had THA with miniposterolateral approach. A control group of patients without risk factors who had THA and no RT also were evaluated for HO.
The major limitation of this study is that it is retrospective and nonrandomized. However, follow-up of the patients in this study was quite high. Patients were evaluated for HO by three methods: (1) using the hospital and surgeon patient files, (2) checking all operative procedure likely to include subsequent excision of HO, and (3) radiographic evaluation at at least 1 year follow-up.
This study demonstrates an incidence of 15.7% HO formation in the RT group. Most of the patients were male and the diagnosis was primary osteoarthritis. This is consistent with the literature that reports a higher prevalence of HO in male patients [2] . This study also confirmed the consistent risk factor for HO of hypertrophic osteoarthritis reported in many studies [8, 15] he co. Also no association was determined between transfusion, bilateral THA, smoking, preoperative motion, type of thromboprophylaxis, and type of femoral fixation. Additionally the overall incidence of severe HO grade 2 was very small in this RT treated group; there was a higher rate of Grade III HO in patients older than 65 years. In the group of patients with the miniposterolateral approach the incidence of HO was lower than the conventional posterolateral approach (5.7% versus 23.2%); however, it was not significantly different.
Similarly other authors reported a lower rate of HO (7%) in a treated group with prophylaxsis compared to a control group (32%) with risk factors [13] . In another study, with high risk-patients receiving no preventive RT the rate of occurrence of HO was noted in 61.3% and in the patients who had no risk factors 60.9% which was not significantly different from that in the overall study population [12] . Our regimen was a single dose of 700 centigray delivered via equally weighted, parallelly opposed AP/PA portals. The efficacy of this regimen has been demonstrated by previous studies. Healy et al. [21] and Kennedy et al. [22] using a single dose of 700 centigray reported 10% and 11.9%, respectively.
Many authors have reported the efficacy of a single dose of various regimens for preventive radiotherapy [16, 23, 24] . In addition, Pellegrini Jr. and Evarts [25] in a prospective randomized study reported 21% incidence of HO with a single dose 800 or 1000 centigray regimen.
In conclusion, the present study has shown that the incidence of HO (15.7%) is within the range of percentages reported in the literature. Also this study has confirmed the hypertrophic osteoarthritis as the main risk factor for HO formation. In addition, THA in high risk patients treated prophylactically with RT with miniposterolateral have a lower rate of HO but not significantly different than in THA with a conventional posterolateral approach.
These data suggest that RT targeted to specific THA patients with risk factors is effective in reduction of postoperative HO. However, future prospective randomized studies are required to evaluate the most efficient regimen to reduce the incidence of HO.
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